Results of ab initio SCF calculations on cyanopolyynes, H-(C = C)ra-CN with n up to 7 are reported. Calculated rotational constants and one-electron properties are compared with the available experimental values. The effects of the C = C chain length on the physical properties are discussed.
Introduction
In a very recent communication, Bell et al. [1] reported the observation of HCnN (cyano-decapenta-yne) in the microwave spectrum of the interstellar space. The HCnN species represents the largest and heaviest extraterrestial molecule ever detected outside the earth's atmosphere.
Previously, lower members of cyanopolyynes also have been detected partly from the chemical preparation of these compounds in the laboratory or partly from the interstellar space; HC3N [2] [3] [4] , HC5N [5] [6] [7] , HC7N [8, 9] and HC9N [10, 11] .
With respect to the effect of chain lengthening on the individual bond lengths in linear conjugated systems, cyanopolyynes are also of interest for theoretical study. There are a few ab initio SCF studies reported previously for the H -(C = C)n -CN species. Moffat [12] and Figeys et al. [13] have studied cyanoacetylene (HC3N) cyanodiacetylene (HC5N) and Haese and Woods [14] reported calculations on HC3N and its isomers or protonated forms. Recently, Boyd et al. [15] carried out a systematic ab initio study on geometries, energies and polarities of the H-(C = C)ra -CN species with n up to 5.
In the present study, we consider cyanopolyynes up to H -(C = C)7 -CN and report results of ab initio SCF calculations on the moments of inertia, * Author to whom correspondence should be addressed.
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rotational constants and various one-electron properties of these species. The calculated values are compared with available experimental ones.
Calculation
Ab initio SCF calculations have been carried out using the ST0-3G [16] , 3-21G [17] and 6-31G** [18] basis sets. Except for HC13N and HC15N, the geometrical parameters reported by Boyd et al. [15] have been employed and for HC13N and HC15N the STO-3G basis set was used for geometry optimization. The geometry optimization and one-electron properties have been calculated employing the MONSTERGAUSS program [19] . A list of basis sets used for H-(C = C)W -CN calculations are summarized in Table 1 .
Results and Discussion
The effect of the employed basis sets on the C -C and C = C bond lengths in H -(C = C) w -CN (n = 1 to 5) has been extensively discussed by Boyd et al. [15] . It is observed that the STO-3G basis set yields the C = N bond lengths which agree very n STO-3G 3-21G 6-31G** Table 1 . List of basis sets used for H-(C = C)"-CN calculations.
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well with experiment and that the calculated C -C and C = C bonds are about 0.04 and 0.03 Ä too long and too short, respectively. From the results obtained for the geometry optimization of HC13N and HC15N, which were not considered in previous studies, it is confirmed that the C = N, the adjacent C -C and C = C bonds reach limiting values of 1.160, 1.403 and 1.183 Ä, respectively, and at the other end the C -C, C = C and C -H bonds have the asymptotic limits of 1.402, 1.176 and 1.067 Ä, respectively as the n value is getting larger. The calculated moments of inertia and rotational constants are summarized in Table 2 and compared them with available experimental values. It is shown that the calculated rotational constants obtained from the STO-3G basis set underestimate the experimental values by only about 0.7% in all cases, while those from the split-valence (3-21G) or the split-valence plus polarization function (6-31G**) basis set appreciably overestimate the experimental values. The 3-21G basis set shortens all bond lengths except the C = C bond and the 6-31G** basis set shortens the C = C and C = N bonds and lengthens the C -C and C -H bonds. For HC3N, two previous ab initio calculations employing the double-zeta (DZ) basis set gave better agreement with experiment. The calculated values of rotational constants amounted to 4539 MHz [21] and 4556 MHz [14] which agree excellently with the experimental value of 4549 MHz [20] . The cancellation of bond length errors in the C -C and C = C bonds introduces only a small error in the rotational constants. A systematic underestimation of experimental values obtained by the STO-3G basis set calculation up to HCnN may thus be useful to serve as a guidance for experimental detections of the higher homologues, HC13N and HC15N in the future. It should be mentioned that Oka [22] employed a simple extrapolation scheme assuming the structural parameters and calculated the rotational constant of HCnN to be 169.0629 MHz which is in excellent agreement with the most recent experimental value 169.27 MHz of this molecule [1] .
Several molecular properties have been calculated with the STO-3G, 3-21G and 6-31G** basis sets including the dipole moment, second moment, quadrupole moment, potential, electric field and electric field gradient at nuclei. These are summarized in Table 3 for HC3N, HC5N and HC7N and compared with the calculated values for HCN. Since calculated values from the STO-3G basis set are considered as too crude for quantitative purpose they are omitted. It is perhaps worthwhile only to mention that the calculated dipole moment values from the STO-3G basis set are about 30% smaller than those from the 3-21G basis set or experimental ones in all cases and that the calculated electric field gradients at nitrogen are about one thirds of the 3-21G values. A systematic analysis of the basis set effect on the calculated molecular properties will be reported separately for HCN [23] .
First of all, it may be confirmed that the calculated properties from the 3-21G basis set are in general in good agreement with experiment. For example, the calculated dipole moments of 3.042, 3.874, 4.474 Debye for HCN, HC3N and HC5N, respectively agree fairly well with experimental values of 2.99 [3] , 3.6 [5] and 4.33 [3] . The calculated dipole moments from the 6-31G** basis set for HCN and HC3N are shown to overestimate the corresponding experimental values. The dipole and second moments are shown to increase in magnitude from HCN to HC7N monotonically. While the potential at H increases, those at C and N are found to decrease as n becomes larger. It is also of interest that the quadrupole moment decreases in magnitude from HC3N to HC7N. The electric field gradient at proton remains almost constant as the chain length increases. On the other hand, the electric field gradient at the nitrile C atom is found to decrease markedly from HCN to HC7N. The electric field gradient at N in HCN differs considerably from the rest of the systems, but it remains almost constant among HC3N, HC5N and HC7N . The quadrupole coupling constants at nitrogen are calculated, employing Q ( 14 N) = 1.56 x 10 -26 cm 2 [24] , as 3.33 MHz with the 3-21G basis set and as 3.47 MHz with the 6-31G** basis set for HC3N, HC5N and HC7N, and the corresponding values at 2 H amount to 253 kHz (3-21G) and 230 kHz (6-31G**), respectively.
The total atomic charges obtained by using the Mulliken population analysis yielded, also as observed by Boyd et al., unrealistic values for the central C atom for HC5N and HC7N (e. g. the net charges of the central C atom is calculated as -1.08 e for HC7N), if the split-valence basis set such as the 3-21G basis set was employed. This might be due to the biased derealization of the diffuse orbital in the split-valence set in describing the o-orbital. We propose therefore to use the calculated magnetic shielding or the (1/r) values as an alternative measure to the total charges obtained from the Mulliken population analysis. Table 4 summarizes the magnetic shielding and the (1/r) values for N, H and Cw atoms in H -(C = C) n -CN (n 0, 1, 2, 3) calculated from the 3-21G basis set. It is found that these values on the central C atoms do not differ appreciably from the rest of the C atoms, in contrast to the atomic charges defined by Mulliken population analysis.
At the ST0-3G basis set level, the calculated net charges and overlap populations obtained from Mul- (n = 4 and 5).
It is observed that the overlap populations of the C = N and H -C bonds in HCWH for n = 5, 7, 9, 13 and 15 remain almost constant with 1.436 e and 0.806 e and that the asymptotic limits of the central C -C and C = C bonds amount to 0.944 e and 1.752 e, respectively. Also the net charges of the individual atom converge very rapidly to their asymptotic limits and the central C atoms have almost neutral charges in contrast to the splitvalence basis set results. The increase of the polarity due to the C -C chain length is considered therefore to be modest, which is also supported by the calculated dipole moment values. On the other hand, a recent theoretical study [25] indicates that the carbene isomers of cyanopolyynes, CnNH become exceedingly polar with increasing chain length.
